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(57)Abstract .r ■ - ■ ... . . 

PURPOSE: To obtain a polarization modulable semiconductor laser whose 
reproducibility is high and whose yield is good and to obtain an optical 

communication system using it. - u. ^ •< . -.: £•* ..■ :» > ■ W:',:.-. :.. 

CONSTITUTION: In a semiconductor laser,x>ne resonator is constituted . of . a 
distributed feedback grating 14, of a directional coupler 12 and of . a reflection 
means 106. The semiconductor laser is constituted so. as to be capable of being 
oscillated in . any of two orthogonal polarization modes. The semiconductor laser 
is provided with electrodes 15, 16, 104, UOwhich control the coupling:, :, s 
wavelength of the directional coupler 12 and the reflection coupling wavelength 
of the distributed feedback grating :1 4. By means of a current.which flows to : the 
electrodes 15, 16, 104, 1 10, the coupling wavelenjgth of the directional coupler 1 2 
and the reflection coupling wavelength of the distributed feedback grating 1 4: are . 
matched in any polarization mode out of two polarization modes. and er^m. i ;^ 
polarization mode to be oscillated is selected. In an optical communication 

system, signal light which has been amplitude modulated by the semiconductor laser and a polarizer or a 
-polarization beam splitter is obtained. . --■ — ^. ; . .- r .. -.^-w.-v.;._^ 
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CLAIMS 



[Ciaim(s)] 

[Claim 1] It is the semiconductor laser which constituted one resonator from a distribution feedback grating, a 
directional coupler, and a reflective means. This semiconductor laser is constituted so that either in two 
polarization modes which intersect perpendicularly can be oscillated. Have a means to control the coupled wave 
length of this directional coupler, and the reflective coupled wave length of this distribution feedback grating, 
respectively, and selection in the polarization mode to oscillate the coupled wave length of this directional coupler, 
and ( the reflective coupled wave length of this distribution feedback grating — this control means — this — the 
semiconductor laser which is characterized by being carried out by doubling in one polarization mode of two 
polarization modes and in which a polarization modulation is possible. 

[Claim 2] This reflective means is semiconductor laser which is characterized by being a reflective end face and 
in which a polarization modulation according to claim 1 is possible. 

[Claim 3] This distribution feedback grating is semiconductor laser which is characterized by including a barrier 
layer and in which a polarization modulation according to claim 1 is possible. 

[Claim 4] This directional coupler is semiconductor laser which is characterized by consisting of one pair of 
unsymmetrical waveguides and in which a polarization modulation according to claim 1 is possible. 
[Claim 5] Semiconductor laser which is characterized by performing association between the modes in this 
directional coupler by assistance of a grating and in which a polarization modulation according to claim 1 is 
possible. 

[Claim 6] Semiconductor laser to which one [ at least ] waveguide is characterized by consisting of W mold 
waveguides surrounded around the core layer by the cladding layer with a refractive index lower than the cladding 
layer of the whole semiconductor laser among the waveguides which constitute this directional coupler and in 
which a polarization modulation according to claim 1 is possible. 

[Claim 7] Semiconductor laser which is characterized by the oscillation wavelength being adjustable by controlling 
the current poured into a distribution feedback grating by said control means and in which a polarization 

modulation according to claim 1 is possible. . „ . : ■ 

[Claim 8] Semiconductor laser which is characterized by being constituted so that the . gain in a resonator in said 
two polarization modes may become almost equal in near the feedback wavelength of this distribution feedback 
grating and in which a polarization modulation according to claim 1 to 7 is possible. 

[Claim 9] Semiconductor laser which is characterized by for said barrier layer having consisted of multiplex 
quantum wells into which hauling distortion was introduced, and being constituted so that the heavy hole level 
EhhO and the light hole level ElhO which are the level of a hole may become almost equal and in which a 
polarization modulation according to claim 1 to 7 is possible. 

[Claim 10] The optical communication type characterized by transmitting the output light with an optical fiber as a 
signal light by which amplitude modulation was carried out by letting a polarizer or a polarization beam splitter 
pass, and detecting it with an optical receiver by carrying out the direct polarization modulation of the 
semiconductor laser in which a polarization modulation according to claim 1 to 8 is possible. 
[Claim 11] The optical communication type characterized by obtaining the signal light by which amplitude 
modulation was carried out using this semiconductor laser so that the oscillation wavelength might become 
adjustable by controlling the current poured into the distribution feedback grating of the semiconductor laser in 
which a polarization modulation according to claim 1 to 8 is possible. 

[Claim 12] The optical communication type characterized by carrying out wavelength division multiplying so that 
two or more semiconductor laser in which a polarization modulation according to claim 1 to 8 is possible is 
connected, it may become irregular, respectively, the light of two or more wavelength may be made to transmit 
and only the signal put on the light of desired wavelength with the optical receiver equipped with the optical filter 
or the splitter may be taken out. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention stops dynamic wavelength variation also in the time of a high-speed 
modulation etc., and relates to the optical communication type using the semiconductor laser and this which 
enable oscillation control in the polarization mode which intersects perpendicularly with stability especially about 
the semiconductor laser for realizing wavelength division multiplex optical communication of high density etc. and 
in which a polarization modulation is possible. 
[0002] 

[Description of the Prior Art] To expand transmission capacity in the optical-communication field in recent years 
is desired, and development of wavelength multiplexing (WDM) transmission which carried out multiplex [ of two or 
more wavelength or optical frequency ] to one optical fiber is performed. In order to make f many / as possible ] 
transmission capacity, it is important to narrow wavelength spacing. For that purpose, it is desirable for the 
selection bandwidth of a wavelength filter or a splitter to be small, and for the occupancy, frequency band or 
spectral line width of laser used as the light source to be small. For example, since it is the transparency 
bandwidth of about 0.03nm with a semi-conductor DFB filter with a wavelength adjustable width of face of 3nm, 
multiplex [ of 1 00 channels ] is^ ideally possible. However, it is required in this case that the spectral line width of 
the light source should be 0.03nm or less. In the present condition, if even the DFB laser known as semiconductor 
laser which carries out a dynamic single mode oscillation performs a direct ASK modulation, dynamic wavelength 
variation will occur, spectral line width will spread to about 0.3nm, and it will not be fit for such wavelength 
multiplex transmission. 

[0003] then,- in. order. to^stop.such wavelength.. variation^.-. use. an. external modulator.on.the_strengthj.or-Fon: 
example, ( "lambda / 4 shift DFB laser / absorption mold optical modulator accumulation light source" besides 
Suzuki, the collection of Institute of Electronics, Information and Communication Engineers study group drafts, 
OQE 90-45, p.99, 1990), Direct FSK modulation technique (for example) M. J.Chawski et al. "1.5 Gbit/s FSK 
transmission system using two electrode DFB laser as a tunable FSK discriminator/photodetector", Electron. Lett. 
vol.26 No.15 p.1146 1990, The direct polarization modulation technique (JP,2~1 59781 ,A specification) etc. is 
devised. 

[0004] The three above-mentioned examples are compared. In the case of an external modulator, since 
wavelength variation is the last-minute engine performance and its mark of equipment also increase to a **** and 
a specification by about 0.03nm, it is not desirable in respect of cost etc. Moreover, it is necessary to operate the 
filter of a receiving side as wavelength discrimination equipment, and, in the case of FSK, a complicated control 
technique is needed. On the other hand, equipment mark do not increase only by a polarization modulation 
forming the usual DFB laser into many electrodes, but wavelength variation is still smaller compared with an 
external modulation method, and a transmission signal has the advantage that loads, such as a filter of a receiving 
side, are small, for ASK. 
[0005] 

[Problem(s) to be Solved by the Invention] As mentioned above, although a polarization modulation is a suitable 
modulation technique for wavelength multiplex transmission etc., it does not have the positive means for enabling 
control of polarization by the conventional proposal. For the reason, there were troubles, like implementation of a 
device with high repeatability is difficult, and need to be adjusted after production, and the yield is bad. Therefore, 
the purpose of this invention is to offer the optical communication type using the semiconductor laser and this 
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which solved the above-mentioned trouble and in which a polarization modulation is possible. 
[0006] 

[Means for Solving the Problem] In order that this invention may offer a practical polarization modulation 
technique typically, this semiconductor laser can be oscillated in two polarization modes which intersect 
perpendicularly using the semiconductor laser which constituted one resonator from a distribution feedback 
grating and a directional coupler with an active region, and a reflector (typically reflective end face), and selection 
in the polarization mode is performed by controlling the zone-of-junction region of this directional coupler. 
[0007] In a detail, the semiconductor laser in which the polarization modulation of this invention is possible It is 
the semiconductor laser which constituted one resonator from a distribution feedback grating, a directional 
coupler, and a reflective means. This semiconductor laser is constituted so that either in two polarization modes 
which intersect perpendicularly can be oscillated. Have a means (for example, two or more electrodes) to control 
the coupled wave length of this directional coupler, and the reflective coupled wave length of this distribution 
feedback grating, respectively, and selection in the polarization mode to oscillate the coupled wave length of this 
directional coupler, and the reflective coupled wave length of this distribution feedback grating — this control 
means — this — it is characterized by being carried out by doubling in one polarization mode of two polarization 
modes. 

[0008] Specifically, it is possible to take the following gestalten. A reflective means is a reflective end face. A 
distribution feedback grating contains a barrier layer. A directional coupler consists of one pair of unsymmetrical 
waveguides. Association between the modes in a directional coupler is performed by assistance of a grating. One 
[ at least ] waveguide consists of W mold waveguides surrounded around the core layer by the cladding layer with 
a refractive index lower than the cladding layer of the whole semiconductor laser among the waveguides which 
constitute a directional coupler. The oscillation wavelength is adjustable in controlling the current poured into a 
distribution feedback grating by the control means. In near the feedback wavelength of this distribution feedback 
grating, the gain in a resonator in two polarization modes is constituted so that it may become almost equal. A 
barrier layer consists of multiplex quantum wells into which hauling distortion was introduced, and it is constituted 
so that the heavy hole level EhhO and the light hole level ElhO which are the level of a hole may become almost 
equal. 

[0009] Moreover, the optical communication type of this invention is characterized by transmitting the output 
light with an optical fiber as a signal light by which amplitude modulation was carried out by letting a polarizer or a 
polarization beam splitter pass, and detecting it with an optical receiver by carrying out the direct polarization 
modulation of the semiconductor laser in which the above-mentioned polarization modulation is possible. 
Moreover, it is characterized by obtaining the signal light by which amplitude modulation was carried out using this 
semiconductor laser so that the oscillation wavelength might become adjustable by controlling the current poured 
into the. distribution feedback.grating of the semiconductor Jaseran .which the abovermentioned. polarization.. - 
modulation is possible. : ..... - ' "-' 

[0010] Furthermore, the optical communication type of this invention is characterized by carrying out wavelength 
division multiplying so that two or more semiconductor laser in which the above-mentioned polarization 
modulation is possible is connected, it may become irregular, respectively, the light of two or more wavelength 
may be made to transmit and only the signal put on the light of desired wavelength with the optical receiver 
equipped with the optical filter or the splitter may be taken out 
[0011] 

[The 1st example] Concretely, the principle of this invention is explained based on drawing 1 . In the 
semiconductor laser which consists of 2 of the distribution feedback grating field 1 1 and the directivity joint field 
12 fields, in the distribution feedback grating field 1 1, the laminating of the appearance and the barrier layer 13 in 
which only specific wavelength is reflected is carried out and the grating 14 of a fine period is formed in the 
location with which the mode field in the mode 3 laps. lambdaDFB, then distribution feedback wavelength 
lambdaDFB are expressed [ effective refractive index / of the mode 3 ] with IambdaDFB=2NefflambdaDFB in the 
period of Neff and a grating 14. Wavelength lambdaDFB is changed with the current passed to electrodes 15 and 
16. In the directivity joint field 12, the laminating of the waveguides 17 and 18 is carried out, and the two modes in 
which it has main reinforcement in each waveguide 17 and 18 are materialized. The grating 19 of a comparatively 
rude period is formed in the location with which the mode field in the mode 1 and the mode 2 laps. The impurity is 
doped so that a slanting cut or light absorption may become strong at the appearance which does not reflect the 
right end of the waveguide layer 17 of the directivity joint field 12. Combining the mode 1 as strongly as the mode 
3 of the distribution feedback grating field 1 1 , the mode 2 hardly combines the mode 3 except the wavelength with 
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which are satisfied of the Bragg condition of the grating 19 of this comparatively rude period. lambdaDC, then 
coupled wave length lambdaDC are lambdaDC=|N(1) eff^N(2) eff in the effective refractive index in the mode 1 
and the mode 2 about the period of N(1) eff, N(2) eff, and the comparatively rude grating 19, respectively. It is 
expressed with |lambdaDC. 

[0012] Although the mode took up and explained the linearly polarized, wave by the above explanation, the TM 
mode to which the TE mode and it parallel to a substrate side, and electric field cross at right angles exists with 
unsymmetrical structure in every direction like semiconductor laser. This coupled wave length lambdaDC serves 
as a different value to two polarization modes which intersect perpendicularly. By controlling the current poured 
into the electrode 110 of the directivity joint field 12, coupled wave length lambdaDC is changed, at a certain time, 
lambdaDC of the TE mode is done to lambdaDC of the TM mode at a certain time, and a change-over can do. On 
the other hand, the difference is few although wavelength lambdaDFB(s) which return in the distribution feedback 
grating field 1 1 also differ somewhat depending on polarization mode. If a current is poured into the distribution 
feedback grating field 1 1 , the gain of a barrier layer 13 will go up. In this condition, by switching the polarization 
mode (TE or TM mode) combined in the directivity joint field 12, it is reflected by the end face 106 of the 
waveguide layer 18, and only (coupled wave length lambdaDC in the polarization mode to combine is doubled with 
feedback wavelength lambdaDFB), waveguide 1 7, and the light that shifted 18 between are fed back to the 
distribution feedback grating field 11, and turns into laser oscillation light Since the slanting cut etc. is performed, 
the mode 1 is reflected and the end face by the side of the directivity joint field 12 of the up waveguide 17 does 
not return to the distribution feedback grating field 1 1 . 

[0013] the above configurations — oscillation wavelength — the distribution feedback grating field 11 — it is — 
moreover, a switch of polarization — the directivity joint field 12 — ** — since it is independently controllable, 
respectively, a stable polarization modulation can be performed also at the time of wavelength tuning. 
[0014] The 1st example by this invention is explained to a detail. n-InP from which drawing 1 is the sectional view 
of the semiconductor laser by this example, and 100 becomes a substrate, The n-InP layer from which 101 
becomes a clad, the lower waveguide layer which consists of n-InGaAsP in which 18 forms a directional coupler 
and which was mentioned above, The grating which 19 aids with a directional coupler and which was mentioned 
above, the waveguide layer common to 2 which 17 becomes from Undoping InGaAsP fields mentioned above, The 
barrier layer to which the distorted superstructure which consists of ten layer (5nm in thickness) of 
In0.53Ga0.47As(5nm in thickness)/In0.28Ga0.72As(es) of undoping mentioned 1 3 above, The fine grating to which 
14 performs distributed coupling of hard flow and which was mentioned above, and 102 A p-InP cladding layer, 
103 A p-In0.59Ga0.41 As0.9P 0.1 contact layer, It is the high reflecting layer from which 15, the electrode 
Cr/AuZnNi/Au layer from which 16,110 was separated in the separation slot where the contact layer 1 03 was 
removed, and which was mentioned above, the AuGeNi/Au layer whose 104 is substrate 100 lateral electrode, and 
-.1,05 become.an .acid-resisting.;! ayer; and. 106 becomes, a^reflector. .Here, since .the ..barrier: layer J.3Js,the. multiplex. 
quantum well layer which pulls and has distortion and has designed equally the transition. energy of. ElhO-EeO and 
EhhO-EeO (it explains immediately in the bottom), compared with the usual semiconductor laser, its oscillation 
threshold in TM polarization is low, and it has the composition that a polarization switch can be carried out 
efficiently. 

[0015] With the above-mentioned configuration, the wavelength corresponding to the ground level transition 
energy (EhhO-EeO) of 1.56 micrometers (TM mode), a heavy hole, and an electron in the wavelength 
corresponding to the ground level transition energy (Elh0</SUB>-Ee0) of a light hole and an electron is also set 
to 1 .56 micrometers (TE mode). Moreover, although the emission spectrum of the TE mode and the TM mode laps 
mostly, the distribution feedback wavelength by the grating 14 has set the pitch of a grating 14 as 0.24 
micrometers so that it may lap with the main wavelength of gain mostly. Although the feedback wavelength 21 and 
22 (refer to drawing 2 ) in the distribution feedback grating field 11 of the TE mode and the TM mode is all near 
the wavelength of 1 .56 micrometers, it shifts somewhat depending on the structure of devices, such as horizontal 
****** structure of waveguide 17, and a layer presentation. However, they are usually about 3 - 6nm. 
[0016] Here, the coupled wave length of the directional coupler by the coarse grating 19 has the value from which 
about 30nm of polarization dependencies usually differs to the TE mode and the TM mode strongly. Therefore, if 
the coupled wave length 23 of the TE mode of the activity directivity joint field 1 2 aligns by pouring a current into 
an electrode 1 10 so that the feedback wavelength 21 (here 1.56 micrometers) of the distribution feedback grating 
field 1 1 may be included as shown in drawing 2 (a), the coupled wave length 24 of the TM mode will serve as near 
1.53 micrometer inevitably. 

[0017] Here, by passing a current to electrodes 15 and . 16, a barrier layer 13 is excited and spontaneous emmision 
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light arises. In the directivity joint field 12, since selection association only of the TE mode is carried out, among 
spontaneous emmision light, it is reflected at the high reflective edge 106, and only the TE mode returns to the 
distribution feedback grating field 1 1; In the distribution feedback grating field 1 1, strong reflection arises on 
feedback wavelength and an oscillation on the feedback wavelength determined in the distribution feedback 
grating field 1 1 arises in the TE mode after all. Next, if it controls to the feedback wavelength of the distribution 
feedback grating field 11 so that the TM mode joins together so that it changes and the inrush current to the 
directivity joint field 12 is shown in drawing 2 (b), the laser oscillation in the TM mode will happen according to the 
same device. Thus, switching of TE/TM mode takes place by current control to an electrode 110. 
[0018] In this example, although the lower waveguide 18 of the distribution feedback grating field 1 1 is deleted, if 
the grating 19 is not formed, since association between waveguide 17 and 18 is not produced, as long as it 
restricts formation of a grating 19 to the directivity joint field 12, it may leave lower waveguide to the distribution 
feedback grating field 1 1 . 

[001 9] The semiconductor laser of this invention was used for drawing 3 , the modulating signal on the strength 
was transmitted, and the block diagram of the optical transmission system which receives was shown. By letting 
the optical output from semiconductor laser 31 pass to a polarizer 32, as shown in drawing 3 , and taking out only 
TE polarization (or TM polarization), the on-the-strength amplitude signal of a high extinction ratio is acquired. 
Under the present circumstances, although mode change of TE/TM is produced, since there is almost no 
fluctuation of the laser output luminous intensity itself, the char ping by carrier fluctuation of a barrier layer 13 
becomes very small (since the transition energy of Elh0-Ee0 and EhhO-EeO is designed equally). It is made to 
combine with an optical fiber 34 through an isolator 33, and TE light chosen with the polarizer 32 is transmitted. 
The transmitted light is detected by the photodetector 35. At this time, ASK transmission which is obtained 20dB 
or more, therefore has this extinction ratio is possible for the extinction ratio of TE and TM. 

[0020] The char ping was very small at the time of the polarization modulation of the semiconductor laser of this 
invention, and when only the TE-mode output was observed, it was confirmed that wavelength variation is 0.03nm 
or less. Moreover, it was shown that the modulation band of a polarization modulation is also 1GHz or more. 
[0021] The example which performed optical transmission using the semiconductor laser by this invention is 
explained along with drawing 4 . In drawing 4 , 41 is semiconductor laser in which wavelength control and an 
extinction ratio are controlled by stability, and the polarization modulation is carried out by this invention. 
Wavelength is changeable in 3nm with wavelength spacing extent of 6GHz (about 0.05nm) with this semiconductor 
laser 41 (it carries out by controlling the current to the electrodes 1 5 and 16 of drawing 1 ). Moreover, in a 
polarization modulation, since the dynamic wavelength variation called a char ping which becomes a problem by 
the usual direct intensity modulation is very as small as 2GHz or less, when carrying out wavelength multiplexing, 
even if it arranges at intervals of 6GHz, a cross talk is not given to the next channel. Therefore, when this 
-semiconductor-laser is. used. 3-/ wavelength^multiplexing of.a - 
semiconductor laser 41 unites with a polarization beam splitter 42, and constitutes the ******** value 40. From 
this optical sending set 40, it is made to combine with an optical fiber 43, and the light by which outgoing radiation 
was carried out is transmitted. In the optical receiving set 45, selection spectral separation of the light of a 
desired wavelength channel is carried out with an optical filter 46, and signal detection of the signal light which 
transmitted the fiber coupler 44 is carried out by the photodetector 47. Here, the thing of the structure same as 
an optical filter 46 as a DFB laser is used below for a threshold, carrying out bias of the current. By changing the 
rate of a current ratio of two electrodes, it is fixed 20dB in transparency gain, and transmitted wave length can be 
changed in 3nm. Moreover, the transparency width of face of 10dB down of this filter 46 is ****** which is 0.03 
and has sufficient property to carry out wavelength multiplexing at intervals of 0.05nm. [0022] which may use 
what has the same wavelength transparency width of face as an optical filter 46, for example, a MAHATSUENDA 
mold, Fabry-Perot, etc. 

[The 2nd example] The 2nd example by this invention is explained along with drawing 5 . Although the structure of 
the distribution feedback grating field 1 1 is the same as the 1st example almost, a grating does not exist in the 
directivity joint field 12. In order to give wavelength selection nature (polarization mode selection nature), the 
lower waveguide layer serves as W mold waveguide. Unlike the usual step mold waveguide (for example, waveguide 
17 is also considerable), W mold waveguide has a refractive index with the clad 52 lower than the whole 
semiconductor laser clad 54 around a core 51. Therefore, the wavelength dispersion of trapped mode 2 differs 
from a step mold greatly, the wavelength with which the mode 1 and the mode 2 synchronize is limited, and strong 
wavelength selection nature is shown. With this structure, although the degree of freedom of a coupled wave 
length bandwidth (see the coupled wave length 23 and 24 of drawing 2 ) is low as compared with the grating 
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assistant mold shown in the 1st example, there is no radiation loss resulting from a grating, and it has the efficient 
description. About the principle of operation, it is the same as that of the above-mentioned example. 
[0023] Although the grating layer 14 of the distribution feedback grating field 1 1 and the waveguide layer 17 
common to two fields are the same as that of the 1st example, it differs about a barrier layer, a lower waveguide 
layer, and a cladding layer. That is, a barrier layer 55 consists of InGaAs made into the symmetry in every 
direction, and has the same gain to the TE mode and the TM mode, moreover, the n-InGaAsP core layer and layer 
52 from which a layer 51 constitutes W mold waveguide — layers 53 and 54 — low — a p-InGaAsP cladding layer 
and the layer 54 of a refractive index n-InP cladding layer and a layer 53 are n-InGaAsP cladding layers. 
Moreover, the lower waveguide layer is formed only in the directivity joint field 12 so that association may not be 
caused in the distribution feedback grating field 11. The period of the grating 14 of the distribution feedback 
grating field 1 1 etc. is the same as the 1st example. Polarization switching and wavelength control of TE/TM 
mode were able to be performed like the above-mentioned example by controlling the inrush current of two fields 
1 1 and 12. The 2nd example as well as the 1st example can be used for drawing 3 and the optical communication 
type like drawing 4 . 
[0024] 

[Effect of the Invention] By this invention, the semiconductor laser in which the very small polarization modulation 
of dynamic wavelength variation is possible can be realized, and a high density wavelength-multiplex-optical- 
telecommunications system etc. can be built using the direct polarization modulation technique which used this. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing explaining the structure of the semiconductor laser by this invention. 

[Drawing 2] Drawing showing the principle of operation of the^s em i conductor laser by this invention. ... ... - 

[Drawing 3] Drawing explaining the optical communication type using the semiconductor-laser by this invention. 
[Drawing 4] Drawing explaining other optical communication types using the semiconductor laser by this invention. 
[Drawing 5] Drawing showing the structure of other semiconductor laser by this invention. 
[Description of Notations] 

1 1 Distribution Feedback Grating Field 

12 Directivity Joint Field 

1 3 55 Barrier layer 

14 Grating Which Causes Distribution Feedback 

15 16,110,104 Electrode 
17 18 Waveguide 

19 Grating Which Causes Directivity Association 

21 and 22 each in a distribution feedback grating field — feedback wavelength of the TE mode and the TM mode 
23 and 24 each in a directivity joint field — coupled wave length of the TE mode and the TM mode 

31 41 Semiconductor laser 

32 42 A polarizer or polarization beam splitter 

33 Optical Isolator 

34 43 Optical fiber 

35 47 Photodetector 
40 Optical Sending Set 
44 Fiber Coupler 
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45 Optical Receiving Set 

46 Optical Filter 

53, 54, 101, 102 Cladding layer 
100 Substrate 
103 Contact Layer 

105 Antireflection Film 

1 06 High Reflective Film 



[Translation done.] 
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5 tSb^&ft^Sb^Sf T^^^ h^B^O. 3 nm 

[0003] -trt, r.p«t 5^&*^SbSr*U^--5^x. 

^\%nmm^gW9z£f-m$k, oqe 9 0-45, 

p. 9 9, 1 9 9 0) > ff^F SK«*a: (^J^. 
If, M. J. Chaw'sk i e t a 1 . "1.5 
Gb i t/s FSK transmission s 
ystern using two electrode 

DFB laser as a tunable F 
SK discriminator/photodet 
ector", Electron. Lett. vo 
1.26, No. 15, p. 1146, 199 

o ) , EsiBttsm^a: mm¥ 2-159781^ 

[0 0 0 4] ±fa3oc0WSrit|!5LT^-5, ^-^B^ISIS 



3 

ii£©D F B u-Hf*#«Wt-*-3 
[0 0 0 5] 

[0 0 0 6] 

— f-'Srffli/>> i^ifri^- iJ-'liESE.-rs 2oo« ; t- 

[000 7] ;t*B©«SE*llW«B«i:¥9W* 
u~ Hftt. ftfimmf^-f- 4 k kZl 

X. !£f 5g#V— Hfi4ESE*:5 2 0(018*- K©t*i" 

Sr^lWWi-S^a («*.tf. ffitt©tttiE) % 

|£2o©iB&*-.K©^i*;iX/i i ©<Bi£ J E- 
- Hcis^r 3 t JCt.i? fT.&fctuS r k 

[0 0 0 8] AfMWdtt. UAT©»f6tSi5-i:*1«6 

* >^W:flH$yHfc«tf. *|filtt»'S'#tt 1 #©##»* 

m*ffif&-rz>W$i1&n:0 *>&tt<.k <>-*©*«»**. 
=>TgW|i)|l^^^L — -f ±&<Ot 7 5/ KJf<£ 19 tffi 

5. iH»#9:fcJ:0#*M&a^.i'-7M yftaAts 



4 

*-/ViJM£ EhhO t 7 f V * -/u!Wfc E ihO^ 5 (2 I* b < 
[0 0 0 9] *«WO*a(E*«tt, ±IB{S&^ 

[0010] Ml-. *3BW©3ta(B*SC;tt, ±!BflH6£ 

*9ffl1-«fc, &&&m&mmm-r?>zk*w&k-r 

[0011] 

20 [|gl Jgi£0<J] JU*Wte. H.i«r1>i:fc*«W©JSrai*: 

RWSiV**** 1 3 * s «* K 3 

ifl 4iSff^$tvC^5. *— K3eoH3&ESr*&N 
eff, — x-f isiti A^n^Kn^kirixfS.. #16 

*»a»SA.DFBtt^DFB=2N e ff AdFB"^**^*. ®® 

15, 1 6^»fti-mo£-T'jSft.XDFB^^'fk^-ar5o *'|6J 

so tete-smm 1 2. -el*, ^ks&i 7, i 8tfMSJi$ft-c^ 

■C, **<Oi»ifi^l 7, 1 8fc^3MtSr*rr* 2o« 
*— *- Kl t*— K2<Dt- K7-f- 

1 9#m&ZtlX^&, *lSjtttt*ffi«l 2 

1 70^iS(4. KatU*^*K»»*y h*Kf43t!» 

K 1 r*»*»a^ L^-x 1 1 K 3 i » 

<^S-g-U, *-K2»±w©Jttttt3Rif^«»l«)^f— 

40 3 tttJfet'JS-g'L^V^ K 1 t*- K2©H^)SSt 

^1 9©fflJW4rAuci:i"^ti. A.dcI±1dc= I 

N(l)eff- N (2) e f f | A DC X'*$ti,5o 

[0 0 1 2] W±©liiB^-e(i. *— KttBUS«jfi*6 9 
'«a-Ctt. «j|iisa«BU:spfTJ!eTE*- Kfc-tnttt 

. ffitt&&ffll£l : 2 4>ttfil l.-0lcaAi-4«*Sr*9Wi" 
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=e- KOI DC . SS^fiTMt- K01 DC K«li&2 3 -C# 

&aA-r-5t, gtt/ii 3©*mws±#-*-<5. r.©*tt 

-C, ^Glttilg'&flWE l 2-W&S-i-3«R j e-K (TE^ 
L< »4TM*- K) Sr§]t)^^5 ^ tfcJ: t) (IS-&1-5 

5) . VttBl 7, 1 8 WMMrL *:*©*#. *«IS* 
1 8 0SI1 0 6TSt*£iV ^fliffiiS^^— V:/ 
ffiis&l 1 »-7-f- hv<5'^ SixTi'— lF3B«3tei:&3. 
JL»i*«EJgl 7 ©*iaH4ft4-«*e 1 2«©*fl5tt. 14 ft 

[0013] SA±©#fc*ritK: J: 9 » *8S&Jtl±&*ft 

W7\/— r- l "T-C* * fc. ffii£©$) "9 

[00141 #55fflKJ:5«'l SiltWSrWiWfcttW-t- 

0 0ttStg-t*5n- InP. 101 ft? v -y h'bttZ 
n-I'nPI, 1 8l*J?ftpz&-&$s*Ml$.-fZ>n- I n 
G a A s P i» * 5 ±3fc UfcT , 1 9 14*1*0 
tt»^*fcT^ hi-5±56Ufc^w— ^-fV'^ 1 7 
»4TV K-T' I nG a A s P 2®##ii©±x& 
Lfc^&ggJf. 1 3 liTV K — ~7<D I no.53Gao.47A 
s (f $5nra) / I no.28 Ga 6.72A s 5 n 

m) 1 oJi^fcfcSMfc^fliawiifiLfciSttJI. 1 

4 f4ig;frft ©#**§-& Srff 5 ±5£ LfdfflAM, ^ U'-f 1 -f 
l'02l±p-InP?7j/KS. 10 3f4p-I 
no.59G a 0.41A s o 9 P 0 . i=> ^ KS. 15, 1 
6. l'l 014= V**>Jf 1 0 3#l&££nfc#g|?8-e 
^S6$tbfc±xBLfcm@C r/AuZnN i /Aul, 

1 0 4(4StRl OOHli-CfcSAuGeN i/Au 
i. 10 5f4SatESltJ§. 1 0 6ttRJH»i*5WKW 
*JB-C*><5. ::-C, Stt® 1 3(4?|o3gt)^5:'bo#S 
*?-^7»JiKttoT*l9.'Eih0-Ee0i Ehh0~E 

eO (i" CTTfttM) ©M***/!"*** L < KH- LTfc 

sa. a*©^*!'— inches £TM«afc-c©*fi 
10015] ±reia«-ctt. 7-t h+.-A'iwose 

(EihO-E e o) l-»JC-f4»t*tt 
1. 5 6 Mm (TMt-K) . ^f— yL-t^OS 
femiimir^*-^* (EhhO-EeO) 
1. 5 6 M m (TE*— K) Sfc, TEt-K 

£ TMt- K©387fc*^ h/WiJitfSfca**, ^L/— 
-r-f >^1 4K«fcS#ffi»Si£&l4#H#© c F'kS£gi«i 
tf»<C4 <fc 5 r-f 4©tfy*-«r0. 24 n 



(4) 

mfcfS:3£LT^5. T E*— h't TMt- K©#*«J® 
y/u-x-f 1 fc*5tt5»aft*2 l&tJ>2 2 

- (E12#fig) tt, ^fHtSS 1 , 5 6nmttifi-Cfo5 
1 7 ©$!K Ciift«5t^*J3W* ft i'^W * 
©«£*£## L#'>T*b5. LA 1 L. I«3-6nmg 

[0 0 16] w^T?, ffit^U'— T^^Sl 9\z££Jf 
l6ltt&fr«oa-fr*fttt, TEt-K 

10 0 0 Lfc^ct, 0 2 (a) icir-f J: SKSte^fattte 
•ftUWEl 20TEt-K08*«ft2 3 $MU#a^ 

w-9 i ^^* r «jjci io»asi*2 1 ui-eiii. 5 

6/im) Sr£tfJ:'5K:«*l 1 Ofc*««r&>\LTlBJW 

5 3m mttSfc 

[oo i"7] rr.-e, SSi"5, i~6-ir®i)Jt£SH";i£ 
let?), ettjii _3asse$ixe«a»tH3t^c<5. * 

iBlttft-frfiMcl 2T*f4T E*— K©*#a*yS-fr*ix5 
fcft. 'g«S*m7fc©5*>TE4— K©*tf.ffiKStiS 1 Q 
20 6 T*Slt$^T^*'Jf ili/V-r- V^fll* 1 1 £WK 

ill -c^SS'ixSii Sffiftft-crolBtRjJST E*- KT?± 

D5 0 ^fSitt^-g-^nE 1 2^oaEAm«iESraefl: 

L, 1212 (b) (C^-TJ; 5»-^Jfil^^— r-f 

«1 1 ©ffiSftefcStU-C. TM^-Ki5g-&t5J;5 

-7-'%s^® ~ So r ©i 5 lt, n@i 1 o^©m 

SWC.iDTE/TMt- K©** y^-V'/iSjEr.S. 
30 [0018] *HiS0iJT(4. ^Wa^w— r -f v^ffl 

«1 l©Ttt*fciSl'8ttfiiJBft£;h.T^3j»s, ^^-"r 
■ a y-f l Stm^Hx^Htitf. 7, 18 

M©^-&»44i:ft^©t?, >-^l 9©^Sr 

*isntft-fr«« 1 2 icps*u4\ ^wa^ u-x -f >^ 

[0 0 19] HffK***©***!'— !f«rfflv^T»« 
SSSm -5§-£ei£ L, Sf3i-57te^©7'ci f^EIS:^ 
L, /to V— !f 3 1 ©TttB;^ «rBI 3 (C/T% Ufc «fc 

5Kfi*f 3 2C»l,TTEflifi (t, L< f4TM(ij6) 
40 ©^Sr5t?)ffi-f--i:l-«}:9, B^tB7tlt©3^Si|®{S^- 
*M#?>^-5. -3©K, TE/TM©^~K^t»4^C5 

(E lh0 - E e0 i: E hh0 - E e0 Oi»i*/i'*tfL<» 

f+UTfo-5©-C) , fS-ttSl 3©^r^r V TS®b»cJ;5^ 
-V-f^^ASSft-r/h^ < &£<, ffi>t^3 2lcioXjg 
*SixfcTE3ttt, V U— ^ 3 3SratT7t7T'l' 
/ i t3 4(CjS-&$-ti:Tei^-t-'5o e«*ixfc*fi3te«ffl» 
3 5»CT^til$n5c :Ot#. TEtTM©?i7tJ:bl4 
2 0dB£t±#fjil 1 LfctfoT. ~©tfl7tJ:b$r'bOA 
so SKeiH/!i5'5lHgT'fc5o 
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[0 0 2 0] fr&Wn^mte^— fnU&^m&fiz.?-* 

fetjHfco mm%m<Dmffltt®i> i gh z w±t* 

[0 0 2 1 ] /^WtCfcS^&L — 1f£:ffl^'Cftei£ 

T, 4 1 (i^^JCJzoT&ftSiJ^^Jfetfc,^^^ 

¥ u— Jf 4 1 T-fi, ftftMRfi 6 GH z (ft 0 . 0 5 
nm) SI^T, 3nmO©it'Sft^xbiT,5 (Ell 
<0HHii 5, l 6^o®M5rWUTtT5) „ <S 
jfcSCWTtt; »*«>ESS3a«aWCHJHfc45 X b iff- 
+ - f >- ^ i tf ft 5 U^ttft^lb^ 2 G H z «T £ ft 

*Ki/h*v^. fii^a-rs^g-iceGHzFflPi-e^ 

ttPSwf.t ^/Vl:^ D^-h-i? 5 : t liitc - 
t\ Sot, roD¥-^{*cu— tfSrfflV"'*:^, 3/0. 
o 5 = 6 o^-^^^mm<om.^Mi)^m-ch^o 

ijtgtftu— if 4 1 tttoftX-i-XT'l) 4 2 f«b 
■UT*it6fflrSHi4 0«r*J*LTV*5. i©3fc2S«SH»4 

3. 7.7 5(^7.4 4«r.£j£Utft**r±. ttSff 

3$«4 5^*SV>-C» ..ft^-f^w* 4 6»C j;?)FfM©jSS^ 
***©*#a*WMfcSiv 3fci*UH*4 7fc:.fc0(I*l* 
jS^HS. r..r-ertVj67^^ 4 6 i UDFB U- 

LT&fflLT^-S. 2®£tf>®5icJfc^£^X- ; 5- tT, 
•SilWitS: 2 0 d B— ^-eigjg&ftSr 3 nmWteiT$ 
X-SriAS-t^^u *fc, :©7-f;^46O10dB 
^^7>-ro^tSl*0. 0 3T'fc9, 0. 0 5 nmCOPflPa 

[0 0 2 2] 

[|g 2 Sl£0iJ] #3831! k: J: Z>m 2 wHJfefiSJSrEl 5 Kfto 

istffci^mwfcRWT?*^**, *isitttt*fai« i 2 ic 

(Wittf, i»«Kl'7t,»a) *J**9. =7 5 10B 
1©^7'/K5 2 w— !f 7 y K5 4± 

1". ro«Je-Ctt. K« (@2»|£^iS 

2 3. 2 4 Sr#fiP.) <D& E&g»±§5 1 SKaP'JT-^ Lfci/ U- 

5. Eb^Stc:^ tTHilESffiWilsl^TfeSo 



5 

[0 0 2 3] -r-f v^g«l KO^U- 

f^y^I 1 4»t/2««#»05*Sl&Jil 7ttjgl5S 
IfcfflilRltK-Cfcaas, SttJl, TgBjg&SgJI, ?7yK 

fcInGaAsH49. TE*->ftl*TM*— Kfc 

i^t5n- I nGa As P=>TJi, J§ 5 2 fig 5 3 , 
5 4 J: 5 Vkmiftmte n-InP^y KJf ,• A 5 3 (4 p 
- I n G a A s P * 7 y KJS, l54lin-InGaA 
io s P^9y KJB-C*>S. 4fc, TSB*tt»JBtt^-*»a 

ttfrfirflWEl 2©*fcJRj«i*tTV^5. SMUffla^v- 
x-fV^IB^l l©^^-^^ >y 1 4<Djl^(±^l 

niswiiRiD-cfei. 2S«ii, i 2 oaAmsEiftiJ 

»t5i4:KJ:.9, J:1E3^«£.IHI«fc: T E/TM^t- 
•■'fc." *2HEteW'b. JBl3Bfi«il5l«lc v H3, E14© 
[0 0 2 4] 

JBLfcE^SSEW***^^ ^a^a 

[ill *38WKJ:5iWflc^— !fO«JtS:KW*-4 
El. 

[02] *3BWfcJ:5¥*flE^— ^©tt^JRa«r**Ji- 

m. 

. [B3] J«S«U:J:3¥*flsv-~ !f*rfflv^3feffl«** 
30 Srtftii-rSEU 

[ 0 4 ] #stm \z x a u-tf fc jm* ^teo*a« 
Ha s] *«w»w«t5ft!i(Oitt^u — ■fcommzm-t 

Elo 

11 »*»a^f-y-f >-^fli« 

12 *|RH4itt*««. 
13,55 Stt® 

14 »*#aSriBri-^u— 7 % ^>'^ 
40 15, 16, 110, 1. 04 
17,18 »gjSiS 
19 ^[SjttifS-g-Srer-r^^-x-f 
2 1,22 $MU»a# r i'7--7M ^^WWcdBJti* 

2 3, 2 4 *iajffili'&««»C*J»t5**TE*-- 
K. TMt- KWfe-^&ft 

3 1,41 ifjf^U— f 

3 2,4 2 U< »4{S*t'-A^7*y 

3 3 %T^V\y— 5 
so 3 4,4 3 JtyrJ'* 



(6) 

9 

3 5.4 7 *tftffl« 

4 0 ftiSfiSa 

4 4 77^^ yfy 

4 5 jt^msstB 

4 6 %y-<^$ 

mw 

11 12' 
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5 3. 5 4, 1 0 1 , 102, $7 yVM 

10 0 ' 

10 3 = 1/9 2 YM 
10 5 fc$ftP5±m 
1 0 6 iSRlt/e , 

[021 



© 
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(7) 




